To the editor:
Myeloma cell sensitivity to bortezomib is associated with Dicer1 expression
Despite considerable progress of chemotherapeutic strategies and the introduction of the proteasome inhibitor bortezomib, multiple myeloma (MM) remains an incurable disease. 1 Mutations or loss of p53 occur in roughly 10% of untreated MM cells and are closely associated with resistance to bortezomib and dismal prognosis. 2 Although the inhibitory effect of bortezomib is well recognized, its downstream mechanisms of cytotoxicity remain largely elusive and at times controversial. The discovery of microRNA (miR) has revealed a new level of regulation of cell signaling and homeostasis. 3 BLOOD, 24 JULY 2014 x VOLUME 124, NUMBER 4 CORRESPONDENCE expression and miR-processing enzymes are described for several types of cancer. Dicer1, as one of the main components of the miR processing ensemble, has been implicated in the context of cancer initiation and evolution, especially in myeloma cells. 4 The induction of miR-128 by mutant (Mut) p53 has also been observed in tumor cells, suggesting its role in the generation of chemoresistance. 5 Here, the human myeloma cancer cell lines p53-Mut (L363) and p53 wild-type (p53-WT) (MMS1) were used as a model system to investigate the effects of bortezomib on MM cell growth. As shown in Figure 1A , we detected a dose-dependent decrease in the growth of both WT and p53-Mut myeloma cell lines with 50% inhibitory concentration values of 11.6 nM (against L363) and 7.4 nM (against MMS1) 24 hours after exposure to bortezomib. Having obtained this information, we next asked whether bortezomib modulates Dicer1 expression levels. As depicted in Figure 1B , we found bortezomib to decrease Dicer1 protein levels in MMS1 cells. In contrast, no change in Dicer1 expression levels was observed in p53-Mut L363 cells.
Deregulation of miR
In MM cells, the cell cycle inhibitor p21 WAF1 is reduced by increased proteasome activity, which fosters progression through the cell cycle. In addition, miR-106a, miR-106b, miR-17-5p, and miR-20b have been shown to critically participate in the regulation of cell cycle progression by downregulating p21 WAF1 . [6] [7] [8] We next evaluated the p21 expression pattern that is associated with Dicer1 in response to bortezomib. Dicer1 reduction was found to inversely correlate with p21 protein accumulation in p53-WT MMS1 cells ( Figure 1B) . Notably, p53-Mut L363 cells failed to accumulate p21 WAF1 protein. p21 WAF1 stabilization was detected only with bortezomib at higher concentrations in a p53-independent manner in the p53-Mut cell line.
Consistent with these findings, bortezomib effectively inhibited cell growth and induced cell death in MMS1 cells with p53-WT but was less effective in inhibiting cell growth and inducing cell death for L363 cells with p53-Mut ( Figure 1C ). This indicates that p53 statusassociated Dicer1 expression is an essential parameter for predicting bortezomib sensitivity. The data presented here illustrate that cells with p53-WT show a low level of Dicer1 and are sensitive to bortezomib, and myeloma cells with p53-Mut show a constant high level of Dicer1 and are less sensitive to bortezomib-mediated apoptosis induction.
Suzuki et al 9 reported a role for p53 in promoting the maturation of miRs via interaction with the miR processing complex, DDR8-Drosha. Both p53-WT and p53-Mut have prominent but opposing roles at various levels in the process of miR maturation. Impaired processing of miR was associated with MM disease progression. The findings of Zhou et al 8 clearly suggest that depletion of AGO2 or Dicer1, 2 key regulators for miR maturation and functionality, significantly decreased viability of myeloma cells. Knockdown of Dicer1 by siRNA increased sensitivity to bortezomib in p53-WT MMS1 cells. When Dicer1 expression was antagonized in the p53-Mut L363 cell line, a greater cytotoxic response was seen in treatment with bortezomib ( Figure 1B-C) . In conclusion, this study identified that Dicer1 knockdown can be exploited to sensitize myeloma for chemotherapy, even in p53-Mut cells.
Imaging flow cytometry documents incomplete resistance of human sickle F-cells to ex vivo hypoxia-induced sickling
We have read with great interest the "Perspectives" article by Steinberg et al in the January 23, 2014, edition of Blood. 1 The authors present a mathematical model that implies that the critical content of fetal hemoglobin (HbF) required to prevent polymerization of sickle hemoglobin is higher than the threshold HbF content that renders an erythrocyte detectable as an "F-cell" on immunofluorescent staining by flow cytometry. This would lead to a hypothesis that only a subset of F-cells are resistant to hypoxia-induced sickling. We obtained data from a new imaging flow cytometry assay that can qualitatively support this general principle, although with clear assay limitations that don't permit us to address quantitatively the predictions of Steinberg et al in detail.
These new results show that intracellular HbF is a major factor influencing sickling, but it is clearly not the only factor.
We investigated the influence of HbF content on sickling at the individual cell level through our recently developed Sickle Imaging Flow Cytometry Assay (SIFCA), a robust, reproducible sickling assay. 2 We developed an enhanced version of SIFCA that allows simultaneous analysis of both intracellular expression of HbF and morphological
